In this study, optimization of the selective Cu 2+ adsorption from multi-ion media containing Cu 2+ , Zn 2+ and Ni 2+ on activated carbons (AC) prepared from ultrasound-assisted 10 % KOH impregnated hazelnut shells was investigated. For the suitable activated carbons production of selective adsorption of Cu 2+ from multi-ion media, the effects of independent variables such as particle size, ultrasound power density, impregnation rate, impregnation time, activation temperature and activation time were investigated by experiments with partial factorial and central composite design. At the end of the adsorption experiments, activated carbons were evaluated by their adsorption capacities. Additionally, the results were statistically modelled and optimized by using a constrained optimization program via Matlab computer software. The results of the experiments revealed that activated carbon prepared by ultrasound method can be used for the selective Cu 2+ adsorption from multi-ion system efficiently. The selectivity sequence based on the distribution coefficient (Kd) is generally Cu +2 > Zn +2 > Ni +2 for the multi-ion system. Finally, maximum adsorption capacity was found as 82.9 mg Cu 2+ /g Ac under optimum conditions such as particle size 1.7504 mm, ultrasound power/volume 2 W/L, impregnation ratio 0.0168 g/mL, impregnation time 132 min, activation temperature 661 •C and activation time 71.5 min.
INTRODUCTION
Wastewater can be defined as water that is contaminated as a result of domestic, industrial, agricultural and other uses, or whose properties have changed partially or completely. Wastewater can be defined as water that is contaminated as a result of domestic, industrial, agricultural and other uses, or whose properties have changed partially or completely [1] . Water pollution is a physical, biological or chemical change in water quality that affects living organisms negatively [2] . Heavy metals which are important contaminant species especially in industrial wastewater cannot be broken down in biological processes. Since heavy metals can accumulate in living organisms they can threaten human life when exceed their limit values [3] . Environmental pollution by heavy metals poses a serious threat to human health due to hemotoxicity as toxic or carcinogenic [4] .
Since drinking water is supplied from natural water sources, heavy metals should be removed from the environment [1] . Particularly developed countries have prepared National and International waste programs and charters with the help of various organizations such as the USPHS (American Health Organization), the WHO (world Health Organization) and the EPA (Environmental Protection Organization) [5, 6] . Since especially drinking water need to provide determined limit values in terms of human health, to removal of heavy metal ions from the waste water has become one of the important topics investigated and studied in the world [7] . Therefore, examination of the pollution process has become important in scientific research [8] .
Heavy metals are regarded as one type of the most dangerous substances in the world due to their high toxicity to the ecosystem and they are classified into two classes, vital and non-vital according to their degree of incorporation into biological processes. Heavy metals need to be present at a certain concentration in the structure of the organism, and these metals should be taken regularly by food or other means when participating in biological reactions. For example; iron prevents anemia, zinc is involved in more than 100 enzyme reactions, and copper is an indispensable part of red blood cells and it is present many oxidation and reduction processes in animals and in humans. Moreover, copper is found as a basic compound of some organs such as hair, skin, bone, and the lack of copper leads to important health problems in children [6, 9, 10] . Non-vital heavy metals can cause health problems by affecting psychological well-being even at very low concentrations. Heavy metals increase the acidity of the blood and the body draws more calcium from the bones to correct the body's acidity when it is necessary. Heavy metals also cause allergic reactions, mutation of genes, tissue damage, and death of beneficial bacteria as well as harmful bacteria [9, 11] .
It has been observed that zinc, which is at the top of the list of environmental pollutants in the United States, causes disturbances in the gastrointestinal system when it reaches the high concentrations in human body [12] . It is well known that high nickel concentration causes stomach irritation, birth defects, vascular occlusion, headache, dizziness, nausea, chest pain, stress, increased respiratory rate, excessive weakness, lung cancer, and bone cancer in human [13, 15] . Even at very low concentrations, the accumulation of copper in the liver, which causes poisoning of organisms in the human body, causes gastrointestinal distress, liver and kidney failure [13, 14] .
The treatment methods such as oxidation, reduction, liquid-liquid extraction, chemical precipitation, biological treatment, reverse osmosis, ultrafiltration, membrane processes, ion exchange and adsorption are applied in the removal of heavy metal from wastewaters [3, 4, 12, 13, 16, 17] . Removal of heavy metal ions by adsorption onto activated carbon prepared from agricultural wastes has high efficiency and at the same time it comes out as an economical method compared to the other processes with extremely high investment and operating costs. Parameters, such as pore size distribution and structure of adsorbents used in adsorption processes, production cost, removal capacity, surface properties and regeneration are important factors determining the applicability of the process [18] . Activated carbon, one of the most effective adsorbents, is a cheap and easily available material that effectively removes heavy metals from waste water [19] . Adsorption on activated carbon is generally used for taste and odor control especially in drinking water [20] .
Activated carbon is one of the most commonly used adsorbents in environmental pollution control, bleaching, deodorization processes. It is obtained by improving the surface properties and pore volume by activating carbon content from high materials. Carbon materials reported to be the most effective adsorbents due to their textural and surface properties with various functional groups. All solid raw materials which contain sufficient amount of carbon in their structure, low cost and easy to obtain can be used for active carbon production. Commercial active carbons can be prepared from a variety of raw materials such as wood, lignite, coal, bone, petroleum residues, hazelnuts, coconut shells, and various polymer based synthetics. Active carbons are produced from a wide range of agricultural wastes such as almond, apricot, cherry and olive seeds, peanuts, nuts, walnuts and a variety of tree bark economically in recent years due to the high cost of commercial activated carbon [18, 21, 22] .
Many heavy metals, which are harmful to the environment in industrial wastewater, usually coexist in the same environment. However, most of the adsorption studies on environmental pollution prevention are for the removal of heavy metals in single-component systems; but this can be considered as a hypothetical situation. If different heavy metals are present in the adsorption medium, such adsorption is defined as competitive adsorption since heavy metals will be adsorbed on the same adsorbent surface [23] . As the heavy metals in waste water and drinking water, removal of impurities and impurities, extraction, decomposition and concentration of many compounds are actually carried out by a competitive adsorption mechanism, it is important to elucidate the competitive adsorption mechanism [24] .
In systems containing more than one ion, the adsorption of heavy metal ions is not only dependent on the properties of the adsorbent and solution but also on the interaction between the ion species. There is a competition between different metal ions held on the adsorbent surface and the adsorption of each ion species changes the adsorption characteristics of the system [7] .
The combined effects of metals on the adsorbent depend on the metals combination, metal concentration levels, metal addition order and adsorbent species [25] . The adsorbents affinity of metals in a competitive adsorption is a limiting factor. Metals with higher affinity are adsorbed more on the adsorbent. In the presence of multi metal ions, the total metal ion concentration increases, number and characteristic of the adsorbents play an important role for the binding sites [23] .
In this study, the optimization of selective Cu +2 adsorption of on activated carbons prepared from ultrasound-assisted alkaline impregnated hazelnut shells from multi-ion media containing Cu +2 , Zn +2 and Ni +2 has been investigated. The aim of the work is to investigate suitable activated carbon production conditions for selective adsorption of Cu +2 from multi-ion containing aqueous solutions. Experiments were statistically designed. At the end of the experiments, among the parameters related to Cu +2 , Zn +2 and Ni +2 adsorption capacities, statistical models were established with the help of variance analysis and optimum process conditions were tried to be found by using restricted optimization technique.
MATERIAL AND METHOD

Material
Activated carbons prepared from ultrasound-assisted 10% KOH impregnated hazelnut shells produced in project number 2003/38 supported by Erzurum/Atatürk University Research Fund were used in the adsorption experiments [26] .The main characteristics of ACs were given in previous papers [26, 27, 31, 32] . The compounds of CuSO4.5H2O, ZnSO4.7H2O and NiSO4.6H2O produced by Merck were dissolved with distilled water to prepare a stock solution, each having an ion concentration of 1000 ppm metal. Adsorption experiments were carried out at a speed of 170 rpm in a TH15 brand shaker from Edmund Buhler GmbH. Cu +2 , Zn +2 and Ni +2 ion concentrations in the adsorbate solutions were determined by Shimadzu (AA-670) model atomic absorption spectrometry (AAS) before and after adsorption.
Planning of Experiments
Adsorption experiments investigating optimum adsorption conditions of Cu +2 in multi ion systems containing Cu +2 , Zn +2 and Ni +2 ions on active carbons prepared from ultrasound-assisted KOH impregnated hazelnut shells are planned with ¼ 2 6 fractional factors and central composite designs [26] .
In the planning and analysis of experiments, the coded values used instead of absolute values of the variables are given in Table 1 . The relationship between coded value (X) and absolute value (Z) is as follows:
Where Z1 is low level, Z2 is high level and Z0 is medium level of the variable. With this design, two levels for each parameter were selected as low and high level. The order of experiments is randomly determined in order to minimize the error that occurs in experiments. With this design, as well as doing fewer experiments, internal interactions are also calculated with the first and second order main effects. Mid-level experiments are employed at the beginning, middle, and end of the experiments to determine the error variance [26] [27] [28] [29] .
The first order model including the terms of internal interaction is established as follows.
If the overall curvature (lack of fit, LOFcurv) generated by pure second order effects is effective in the analysis of variance, it is concluded that quadratic terms are effective in the model. In this case, a second order model must be established to obtain a more valid equation. In later stages, experimental designs related to the second model are applied. LOFcurv is calculated by the following formula. Main effects and internal interactions are predicted by first order factorial designs. If the analysis of variance reveals that the second order terms should be included in the model, some experiments are made in addition to the first ones. All the experiments are called "Central Composite Design". Central Composite Designs (the variable range is encoded between -1, +1, -, +) are often used for this purpose. In the central composite experiment design, the value of  must be known for the detection of "star points". For the orthogonality of the test design, the value of  is calculated by the number of experiments in the factorial design depending on the number of central experiments. Thus, the parameters are easily calculated and they unrelated each other. The following equation is used to calculate  [29] . 
RESULTS AND DISCUSSION
Response Analysis, Modeling and Interpretation
The experimental design matrix for Cu
+2
, Zn +2 and Ni +2 adsorption on prepared activated carbons and the results are presented in Table 3 . The data obtained from the experiments were evaluated by Matlab program and the following model equations (10) (11) (12) Adsorption in multiple ion systems is quite complicated due to ion-ion competition and ion-surface interaction. In such systems, parameters such as ion radius, electronegativity, active sites in the solid surface play an important role on a competitive adsorption. If the electronegativity is high, the adsorption on the solid surface is high as well. The most important parameter showing the adsorption of metals on the adsorbent in multi-ion systems is the affinity of metals to solid surfaces. Affinity depends on some parameters such as the ion radius of metals, atomic weight, electronegativity, hydrolysis constant and softness. A metal with a large hydrolysis constant has a small affinity, a large ionic radius, a large atomic weight, a large electronegativity and a great softness of metal has a great affinity. The metal properties and the affinity sequences of Cu
, Zn +2 and Ni +2 ions are given in Table 2 .
In Table 3 , when the adsorption of Cu
, Zn +2 and Ni +2 in the multi-component media was compared with the adsorption of the single ion medium obtained from our previous studies, it was observed that the adsorption of Cu increased, the adsorption of Zn decreased and the adsorption of Ni decreased partially [26, 31, 32] . The combined effect of the ternary system of Cu +2 , Zn +2 and Ni +2 seems to be synergetic for Cu +2 . It has been reported by [33] that the adsorption capacity of Cu +2 increases in relation to the increase of Cu 2+ equilibrium concentration in single component and multi component (Cu-Cd-NiPb) systems. Similar synergic effect was reported by [34] +2 and Ni +2 may be to have a positive effect on the copper adsorption. This can be explained by the adsorbent and adsorbate properties of the adsorption of heavy metal ions and also the interaction between the ions in the solution with the multiple ions. There may be a requirement to attach to the various bonding sites which increase the adsorption capacity of the copper in the working concentrations. In such systems, there is a race to attach to the surface between metal ions, which changes the adsorption characteristic [7] . The results obtained from this study and adsorption selectivity sequences are consistent with the literature [34] . In order to compare with the literature results, the adsorption capacity of Cu +2 on some adsorbents in multi-ion systems from aqueous solutions is given in table 4. In adsorption study, the distribution coefficient (Kd) is a useful index for comparing the adsorption capacities of different adsorbent materials under the same experimental conditions. In multi-ion systems, the distribution coefficient (Kd) is used to determine the selectivity sequences in the adsorption. The selectivity of the metal with the larger distribution coefficient is greater. The distribution coefficient (Kd) is calculated as follows [38] . 
Optimization
In this study, the adsorption of Cu +2 on activated carbons prepared from ultrasound-assisted alkaline impregnated hazelnut shells from the multi-ion system containing Cu +2 , Zn +2 and Ni +2 was chosen as the optimization criterion. Selectivity is another criterion which can be considered as a secondary optimization criterion. Selectivity is also calculated as follows: -Selectivity = (the adsorption capacity of Cu +2 /the adsorption capacities of Zn 2+ +Ni 2+ )
Furthermore, optimum conditions which ensure to be more realistic are often calculated in the presence of some constraints. Secondary process responses (Zn 2+ and Ni 2+ adsorption capacities) are also considered constraints. The lower and the upper limit values of the process variables also form natural constraints. Second-order model equations (10) (11) (12) are used in the optimization. Thus, the optimization problem is defined as; -maximize YCu 2+ (14) -Constraints on the variables Xi −βi < Xi < +βi, i= 1, . . . , 6
-Constraints on the secondary responses % 0.3 < Zn 2+ and Ni 2+ adsorption capacities < %25 (16) β values are given in Table 1 . These constraints are necessary to avoid extrapolation out of the region of experimentation. The optimization problem given in Eq. (14) is solved using constrained optimization program supplied in the Matlab optimization toolbox. The optimum results are given in Table 6 . Among the optimum results; particle size, ultrasound power density, impregnation rate, impregnation time, activation temperature, and activation time appear to be constitute active constraints. Zn +2 and Ni +2 adsorption capacities which are secondary process responses determine the value of selectivity.
The graph of Cu +2 adsorption versus the secondary process responses Zn +2 and Ni +2 adsorption is given in Figure 2 . In the graph, high Zn +2 and Ni +2 adsorption have been observed against high Cu +2 adsorption. However, this is not true when selectivity is considered as the secondary optimization criteria. High selectivity values correspond especially to low Ni +2 adsorption capacity values. As a result, realistic optimum conditions should be determined by taking into account both the adsorption capacity and selectivity. 
CONCLUSIONS
In this study, it was aimed to investigate suitable activated carbon production conditions for selective adsorption of Cu +2 from multiple ion systems containing more than one ion. Adsorption experiments were statistically designed and statistical models were established by using variance analysis among the experimental parameters related to Cu +2 , Zn +2 and Ni +2 adsorption capacities and optimum process conditions were found using a constrained optimization program supplied in the Matlab optimization toolbox.
The significant conclusions of the study are listed as; -As a result of the adsorption experiments, the statistical analysis of the models was made and the correlation coefficients were obtained as 0.9802, 0.9855 and 0.9983, respectively. It was observed that the models which have a good fit with the experimental data were sufficient and systematic errors were not found. and Ni +2 ions. Obtained models and optimum operating conditions constitute an important source of information in terms of being able to carry out detailed researches in larger dimensions and to be able to determine the appropriate process conditions that can be created by feasibility studies and starting points for industrial applications.
